Preparation of the Wire of ZChSnSb11-6 Used for Remanufacturing Thermal Spraying  by Zhang, B. et al.
1875-3892 © 2013 The Authors. Published by Elsevier B.V.
Selection and peer-review under responsibility of the Chinese Heat Treatment Society 
doi: 10.1016/j.phpro.2013.11.037 
 Physics Procedia  50 ( 2013 )  231 – 237 
Available online at www.sciencedirect.com
ScienceDirect
International Federation for Heat Treatment and Surface Engineering 20th Congress
Beijing, China, 23-25 October 2012
Preparation of the Wire of ZChSnSb11-6 Used for Remanufacturing
Thermal Spraying
B.Zhanga,, Z.Y.Yanga, D.X. Fua, X.F.Lia, W.Chenb
aGeneral Research Institute of Nonferrous Metals, GRIPM Advanced Material Co., Ltd. Beijing, 101407, China
b Key Laboratory for Powder metallurgy in Advanced Manufacturing (in preparation), Laiwu, Shandong, 271100, China
Abstract
Tin base Babbitt alloy widely used in bearing bush production and repair the performance of ZChSnSb11-6 is better than
ZChSnSb8-4.But as a result of as-cast structure of ZChSnSb11-6 is rich in big hard phase, its processing performance is bad, in
this paper, through the optimization of smelting, casting, extrusion, drawing and other processes we have been successfully
prepared ZChSnSb11-6 wire suitable for thermal spraying. Through metallographic examination, micro hardness, bond strength
and porosity testing, it was proved that the wire meet the requirements of bearing manufacturing thermal spraying.
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1. Main text
Because of the lower casting temperature, simple processing technology and excellent surface property, Babbitt
is extensively applied in the motor industry, bearing production and repair in engineering machinery industry.
Babbitt is generally divided into two kinds: lead-based and tin-based. The tensile strength and hardness of lead-
based Babbitt are lower than tin-based Babbitt with weak corrosion resistance; besides, the lead element is highly
toxic. Therefore, the tin-based Babbitt is becoming favorable and well developed [1]. At present, the tin-based
Babbitt, composing of ZChSnSb8-4 and ZChSnSb11-6, is most applied in bushing’s rotary casting and overlaying
welding. However, the conventional casting and repairing processing equipment is complex in design with long
production line and redundant operating processes as well as characterized by labor-intensive and heavy wearing.
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Moreover, some inevitable casting defects, such as sand blister, air blister, cracks must be repaired with overlaying
welding technology, which is time consuming and difficult to ensure the essential quality bushings[2, 3]. Therefore,
the method of using thermal spraying for bushing's remanufacturing is adopted in light of the advantage of thermal
spraying technology, which is to directly spray the coating on the bushing alloy basing on the partial matrix and
Babbitt, and thick coating can be sprayed without preheating on the matrix. In this way, the phenomenon of the
matrix deformation caused by extreme high temperature on matrix can be avoided [4].
Studies on material and technology for motor bushing remanufacturing are rare. Currently, the thermal spraying
wire, which is maturely applied in motor bushing remanufacturing, includes ZChSnSb8-4, etc. The hardness and
melting point of ZChSnSb8-4 are lower than ZChSnSb11-6. This article recounts the technique preparation
improvement of thermal spraying tin-based Babbitt ZChSnSb11-6 wire for bushing remanufacturing.
Fig. 1 Metallurgical structure of ZChSnSb11-6 ×200
Please see Fig.1 for metallurgical structure of tin-based Babbitt ZChSnSb11-6. From the picture, it can be seen
that the black matrix is the alpha solid solution (soft matrix), the white cube above it is the chemical compound
SnSb (hard phase), and the white needle-shaped and star-like chemical compound is Cu6Sn5 (hard phase).Due to the
coarse hard phased crystal grains distributing on soft matrix, its malleability is unfavorable [5]. Currently, China
does not have any available and referable matured technology for thermal spraying wire material preparation. In
order to improve its malleability, the crystal grains shall be further sorted and thinned, and the chemical compound
shall be pulverized through compacting process. During compacting, the compacting temperature shall be under
strict control in order to keep the grain size. After compacting, a more important step is to optimize the wire drawing
technology. The inter-annealing temperature and the accumulated deformation degrees between the two annealing
processes shall be adjusted accordingly in order to produce the wire with moderate hardness for coating spraying.
Test the bond strength, porosity, micro hardness through coating preparation with flame spraying technology so as
to finalize the wire preparation technology.
Table 1. Chemical content of bushing tin-based Babbitt
Alloy
chemical composition, %
major ingredient impurity content, L
Sb Cu Sn Fe Zn Bi As Al Pb total
ZChSnSb11-6 10.012.0 5.56.5
the rest 0.1 0.001 0.08 0.1 0.01 0.35 0.55
ZChSnSb8-4 7.08.0 3.04.0
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Productive Technology
Smelting of Alloy
10kw muffle furnace is used for low-temperature smelting in a temperature range of 500600, covered with
protective agent, so as to avoid ablating and oxidizing. Additionally, in order to reduce the gravity segregation
caused by the big difference of specific gravity of the material, the equalizing measure and refining technique during
smelting are applied so that the conformity of chemical contents in cast ingot can be ensured.
Ingot casting
The casting temperature ranges in 550600, and the preheating temperature of metal die is 300400. The
casting temperature shall be strictly controlled within a certain temperature range so that the casting die can
maintain a sound cast structure and metallographic performance. The cooling method is applied with rapid cooling
above solidus curve (240) and retarded cooling afterwards so that a fine and even cast structure can be gained and
the casting stress of alloy can be reduced thereof. The diameter shall be reduced to M90mm through lathing and
turning in order to cast a cylindrical alloy ingot in a diameter of M100mm.
Billet extrusion
Extrusion is a critical procedure for producing Babbitt alloy wire, where the crystal grains in the material are
stretched to fibrous tissue. Under the forces of extrusion stress and extrusion heat, the subcrystalline structure is
formed along the crystal boundary, then a large sized subcrystalline with big angle is formed through subcrystalline
combination mechanism. Subsequently, through crystal boundary migration, the subcrystalline will combine and
rotate which trigger the dynamic recrystallization, and eventually, a fine crystal grain is formed. XJ-650 oil
hydraulic press from Yuanchang, Xishan is used for extrusion operation with low extrusion temperature. 3-hole
extrusion die is selected in a diameter of M12mm with extrusion ratio of 18.75.
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Wire drawing
Because the tin-based Babbitt alloy ZChSnSb11-6 has a poor malleability, the inter-annealing temperature must
be strictly controlled in order to obtain a fine spraying wire, otherwise, the wire will break during drawing process.
Meanwhile, the working rate during each pass shall be properly controlled as well. The compacted billets in a
diameter of M12mm shall be drawn 15 times to become the 3.0mm wire suitable for thermal spraying. During the
process, the annealing temperature is kept at 180250.
Coating preparation
The 12E flame spray gun made by METCO, USA is adopted for base coating and work coating preparation
[6].The base coating layer is adopted with NiAl composite filament. Because this coating layer will have exothermic
reaction during spraying, the bond strength between coating layer and the matrix would be much higher; meanwhile,
it provides the spray work layer with a coarse surface. Before conducting the flame spraying for preparation layer on
45# steel matrix, the sand blasting shall be processed on matrix sample, and the base coating shall be processed with
NiAl in a thickness of 100Qm, at last, the work coating of ZChSnSb11-6 in a thickness of 0.2-0.3mm shall be
sprayed on. To ensure the best coating performance, the technological parameter during the coating preparation shall
be optimized accordingly. See Table 2-3.
Fig.2 Flame spraying with wire material
Performance test
Coating performance testing includes surface micro hardness, metallographic composition, porosity, bond
strength, etc.
Table 2 Technological parameter of Ni-Al composite filament for flame spraying
oxygen
tension
p1/MPa
acetylene
tension
p2/MPa
air
tension
p3/MPa
wire
diameter
d/mm
spraying
distance
l/mm
0.30.5 0.070.10 0.50.6 3.0 150200
Table 3 Technological parameter of ZChSnSb11-6 wire for flame spraying
oxygen tension
p1/MPa
acetylene tension
p2/MPa
air tension
p3/MPa
wire diameter
d/mm
spraying distance
l/mm
flow rate
O2/C2H2

wire feed rate
v/m·min-1
0.20.3 0.080.10 0.50.6 3.0 130150 1 about 10
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Test Result
Fig. 3 XRD test result of ZChSnSb11-6 wire
Fig. 4 XRD test result of ZChSnSb11-6 coating
Metallographic microstructure composition identification
The structural composition analysis of spraying wire ZChSnSb11-6 is conducted through metallographic
experiment and SEM, EDS and XRD tests. According to the XRD test result of tin-based Babbitt alloy 11-6 wire
shown in Fig. 3, the alloy in the wire is composed by Sn, SbSn, Cu6Sn5 and Cu3Sn. After that, the XRD test is
conducted to coating as shown on Fig. 4, and it is noted that the alloy in the coating is also composed by Sn, SbSn,
Cu6Sn5 and Cu3Sn. Therefore, it can be concluded that during the coating preparing process with spraying
technologies, the metallographic compositions in the alloy do not have any distinctive change. The wear-resisting
property of the coating and the wear-resisting property of the alloy are quite similar to each other.
236   B. Zhang et al. /  Physics Procedia  50 ( 2013 )  231 – 237 
Fig. 5 SEM and EDS test results of ZChSnSb11-6 wire
Chose the equipment of JSM-7001F hot field-emission SEM and EDS to the material micro area composition
analysis. The spectrometer is adopted for material’s micro-area analysis. The composition in micro-area is shown in
Fig.5. It is evident that there is gray cub crystal distributed on top of alpha solid solution (soft matrix), which is Sn
with its composition content 54.21%, and the content of Sb being 45.79%. This is a typical S (SnSb) solid solution,
which is a main hard phase in tin-based Babbitt alloy ZChSnSb11-6. Its phase exudation temperature is 236and
micro hardness is HV93.52.As shown in the figure, the crystal composition in shaped of either needle or star is Sn
accounting for 54.15%, Cu accounts for 37.13%/ Through XRD (Fig. 2) analysis, it turns out that the phase T
(Cu6Sn5) has a very high hardness and belongs to hard-brittle phase.
Micro hardness
Table 4. Vickers micro-hardness of coating ZChSnSb11-6
sample test force/kgf micro-hardness of HV average value of HV
coating surface 0.2 26.2 28.7 27.8 27.6
coating section 0.2 25.3 25.6 25.0 25.3
Micro hardness testing of the coating which chose to use Vickers micro-hardness tester which model MXT-50 by
GB9790-88 standards. According to Table 4, in comparison with Babbitt 8-4 micro-hardness of HV24, the Babbitt
11-6 has even higher hardness with better wearing resistance, but reduced plasticity. According to the test, the
elongation percentage of ZChSnSb11-6 is 6%, lower than that of ZChSnSb8-4 as of 10.6%. Therefore, the
technology and process shall be improved in order to obtain the wire suitable for spraying.
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Bond strength
Table 5. Bond strength of coating ZChSnSb11-6
sample number 1 2 3 4 5
maximum force (Fm/N) 5885 8866 3541 6266 6315
bond strength (Rm/MPa) 11.6 17.5 7.0 12.4 12.5
Bond strength of the coating used dual tensile test on the WE-10A universal testing machine by GB9766-88
standards. The base is 45# steel, the coating thickness is 0.2-0.3mm, and put two pieces of bonding glue, then the
samples should be heat treated at 190 for 2.5 hours.In particular, the sample No.3 has plastic fracture, the date is
invalid. By taking the average value, the bond strength of coating ZChSnSb11-6 is 13.5MPa.
Porosity testing
Fig. 6 Metallographic picture of ZChSnSb11-6 coating surface
Metallographic microstructure of the coating is observed by metallographic microscope which model Leica
DMRM, the image analyzer is used and Analysis software is Leica QWIN, 5 fields of view are randomly fetched to
test the micro surface of testing sample. By taking the average value, the porosity on front face of the coating is
1.74%, while on side face is 1.15%. The coating has a favorable compactness.
Conclusion
The tin-based Babbitt ZChSnSb11-6 wire can be produced successfully through optimized melting, casting,
extrusion and drawing procedures. After series of performance tests, it turns out that the wire meets the requirements
of bushing remanufacturing thermal spraying.
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